trajectory over the lateral cerebellum or the quadrangular lobule is more direct and less steep than the one over the apex of the culmen. Similarly, a paramedian approach avoids the median supracerebellar region where bridging veins are most numerous. 5 Wide arachnoid dissection allows the lateral, more inferiorly situated, cerebellar hemisphere to fall away from the tentorium and posterior mesencephalon, thereby avoiding the need for aggressive retraction on the culmen.
Finally, the unilateral suboccipital craniotomy protects the torcula, the contralateral transverse sinus, and the cerebellum, therefore minimizing morbidity. Although this paramedian approach was previously noted to provide an inadequate operative view for resection of large pineal region tumors, 3 we initially explored and ultimately used this corridor for excision of such large tumors (> 3 cm).
To assist with the understanding and application of the paramedian approach to these masses, herein we describe the technical nuances of this approach, supplemented by cadaveric dissections, illustrations, intraoperative images, and 2 videos.
operative technique
After induction of anesthesia, a lumbar drain may be placed, if deemed safe, to assist with brain relaxation. The patient is placed in the right lateral decubitus position. The left-sided suboccipital craniotomy protects the torcula and the often more dominant right-sided veins and dural sinuses, including the transverse sinus. In the event of a left-dominant venous system, an approach from the contralateral side may be considered. We did not study the dominance of the transverse sinus preoperatively in our patients, all of whom underwent a left-sided approach. A skull clamp is used with the patient's neck flexed and head turned slightly (15°-20°) toward the floor (Fig. 1) . The ipsilateral shoulder is allowed to fall forward and is taped away from the surgeon's working zone. Intraoperative neuronavigation is used to identify the exact location of the midline as well as the transverse and sigmoid sinuses. A paramedian vertical linear incision is made halfway between the inion and the transverse-sigmoid junction approximated by the posterior-superior edge of the mastoid groove. This incision extends one-third above and two-thirds below the transverse sinus and is about 7-8 cm in length. The suboccipital muscles are elevated from the bone and a single myocutaneous layer is retracted.
A single bur hole is made using neuronavigation at the inferior edge of the transverse sinus, approximately 2 cm lateral to the midline and torcula. Next, an infratentorial craniotomy flap is elevated, including removal of bone superiorly until the width of the transverse sinus was exposed. All our patients underwent identical craniotomies. The entire width of the transverse sinus is exposed to allow room for later rostral mobilization of this venous sinus. The single bur hole allows elevation of a 1-piece bone flap over the infratentorial dura and transverse sinus safely after the wall of the sinus is mobilized away from the skull; CSF drainage through the lumbar drain assists with this dural mobilization. The dura is opened as a single curved flap based on the sinus. Two retraction sutures are placed along the posterior aspect of the tentorium to mobilize and gently rotate the transverse sinus superiorly to expand the operative space through the supracerebellar corridor (Fig. 2) . 10 Gradual CSF release through the lumbar drain allows gentle caudal mobilization of the lateral cerebellar hemisphere. The tentorial surface of the cerebellum is highest along its anteromedial apex and slopes down laterally. Therefore, the lateral paramedian operative corridor provides a more inferior trajectory to the posterior midline and posterolateral mesencephalon, as compared with the midline trajectory, to access the inferior extension of large pineal region tumors (Fig. 3) .
Bridging arachnoid adhesions between the lateral cerebellum and inferior tentorial surface are dissected sharply. A lateral hemispheric bridging vein is at times coagulated and sacrificed. Large median bridging veins are left intact. The arachnoid is opened ventrally to enter bilateral ambient and quadrigeminal cisterns and then extended medially and laterally until the midline operative corridor is established. Early during dissection, a small portion of the trochlear nerve and superior cerebellar artery branches are identified along the very lateral aspects of the operative route to avoid their injury; their arachnoid membranes are left intact. Once adequate medial arachnoid dissection is completed, the large midline lesion along the incisura is well visualized from an oblique trajectory. Neuronavigation is used to confirm the extent of the lesion. The critical diencephalic venous structures are displaced dorsally and medially. Dynamic retraction of the cerebellum, using the suction apparatus, allows exposure and resection of the inferior extent of the tumor without the use of fixed retractors. The suction apparatus allows a more controlled expanded view of the working zone at the exact location of the dissection, while the wide blade of the retractor may at times compromise the deep exposure due to its less flexible vector of retraction. Generous exposure of the contra- lateral tectum is readily available through this unilateral working channel and near the falx cerebelli. This oblique view allows the approach to be tailored to the venous anatomy rather than the lateral extent of the lesion, allowing excellent exposure of the contralateral extent of the tumor.
results
Our patients included 4 women and 6 men, with an average age of 36 years (range 32-51 years). All patients underwent the above-mentioned left lateral paramedian approach with no approach-related complication. The slight extension of the tumor off midline to either side did not dictate the side of surgery; all patients underwent a leftsided craniotomy. There were 3 meningiomas, 3 pilocytic astrocytomas, 2 intermediate grade pineal region tumors, and 2 pineoblastomas. In all cases, the entire extent of these tumors was readily reachable through the lateral supracerebellar corridor.
Two patients underwent near-total resection of their tumors (1 pilocytic and 1 pineoblastoma) due to adherence of these tumors to the deep diencephalic veins, including the galenic venous system. Gross-total resection was confirmed in the other 8 patients (80%) on postoperative MRI. In 6 patients, 1 hemispheric cerebellar bridging vein was sacrificed, while the numerous midline vermian veins were left intact in all patients. No evidence of venous sinus thrombosis was present in any patient's postoperative MRI. In terms of approach-related complications, there was no instance of venous or arterial infarction, although some evidence of temporary mild asymptomatic ipsilateral superior lateral cerebellar edema was noted on the immediate postoperative CT scans in 3 patients. These findings all resolved on 3-month follow-up MRI. There was no instance of new fourth cranial nerve palsy.
illustrative cases

Case 1
A 32-year-old woman presented with intractable headaches. MRI revealed a large (4-cm) pineal region mass associated with mild hydrocephalus (Fig. 4) . Resection through a lateral supracerebellar approach was completed. Due to extension of the inferior pole of the tumor to the level of the superior medullary velum, a midline approach would have required excessive retraction of the culmen and sacrifice of all midline vermian bridging veins. The tumor, a pineoblastoma, was very adherent to the tectum, and a small amount of tumor was left attached to the galenic venous system to protect its integrity. Postoperatively, the patient suffered from temporary Parinaud's syndrome. MRI revealed a near-total resection of the mass without any complicating features (Fig. 5) . The oblique operative trajectory of the lateral supracerebellar route allowed exposure of both lateral extensions of this very adherent tumor to complete resection. Please see Video 1 for the details of this procedure. 
Case 2
A 46-year-old woman presented with progressive headaches. She had been diagnosed with a "tectal glioma" 20 years prior and had undergone ventriculoperitoneal shunting for hydrocephalus at that time. The referring neurosurgeon noted significant enlargement of the tumor (3.1 cm) (Fig. 6 ). We performed a left paramedian suboccipital craniotomy and microsurgical resection of her midline posterior mesencephalic pilocytic astrocytoma. This operative corridor allowed generous exposure of the intraaxial tumor with no operative "blind spots." Gross-total resection was possible (Fig. 7) . She suffered from postoperative temporary bilateral ptosis with no other evidence of oculomotor palsy. Please see Video 2 for the details of this procedure. 
discussion
Decades after the first description of the midline pineal approaches, Yaşargil 17 proposed a paramedian supracerebellar corridor to reach the more laterally located lesions near the incisural space, including the distal superior cerebellar artery aneurysms. In 1990, Van den Bergh 15 briefly noted this paramedian approach for resection of small midline pineal region tumors using 4 cadaveric specimens and his experience with 2 operations. He believed that this route offered several advantages over a midline approach: a shorter working length, decreased cerebellar retraction and minimized risk of venous injury, improved operative ergonomics, and better tumor visualization. Van den Bergh discussed the feasibility of using this technique in only 2 patients. Our current study describes the experience with 10 consecutive patients harboring large pineal region tumors (> 3 cm) who underwent resection using the paramedian suboccipital craniotomy. In addition to the advantages mentioned above, we believe that the unilateral approach is potentially less invasive and more efficient and places fewer normal structures at risk. Technically, the pineal region is a difficult space to reach and work through because of the limited operative working angle and space. The lack of consensus regarding the preferred approach to the region suggests the shortcomings of the numerous available corridors; indeed, approaches from nearly every possible angle have been described-supra-, infra-, and transtentorial. For most lesions, especially smaller or intrinsic ones, the exact location of the lesion and the anatomical relationships of the surrounding neurovascular structures determine the selected approach. 1 In the case of larger tumors, however, the advantages of a paramedian supracerebellar approach are more evident, even with the associated longer operative times. Most importantly, through the paramedian approach, the more caudal extension of the larger tumor to the level of the superior medullary velum is readily reached over the inferior slope of the lateral or "wing" of the cerebellum. This extension of the tumor is not easily reached using the midline approach around the culmen, because the apex of the culmen obstructs the operative view (Fig. 8) . The paramedian approach therefore prevents the significant downward retraction of the culmen that is required during the midline approach for large tumors. The former route allows a wide arachnoid dissection, which, combined with gravity and CSF drainage, minimizes the need for a fixed retractor. In addition, to provide an adequate operative view for large tumors, the median route requires sacrifice of almost all vermian bridging veins and usually a number of hemispheric veins 15 ( Fig. 9) . Although it is often described as benign, there are an increasing number of descriptions of venous infarction with this form of venous sacrifice.
2 Finally, since operative times increase with dissection of larger tumors, the extent of tissue ischemia and trauma caused by fixed brain retraction also increases. Importantly, this phenomenon is especially compounded by significant venous sacrifice, leading to cerebellar swelling.
We did not use cadaveric specimens to objectively assess the extent of expansion of the operative corridor us- Fig. 4. Preoperative sagittal (a), coronal (b), and axial (c) T1-weighted contrast-enhanced MR images demonstrate a large (4-cm) pineal region pineoblastoma associated with mild hydrocephalus. ing the paramedian approach because our initial efforts to measure this value in cadavers were deemed ineffective due to the significant stiffness of their cerebelli. We believe that the advantages of the paramedian over a midline suboccipital craniotomy are similar to those of a frontolateral or pterional craniotomy over bifrontal craniotomy for resection of large olfactory groove meningiomas as described by Nakamura et al. 8 In 1998, a study of supracerebellar venous anatomy by Ueyama et al. 14 concluded that a median approach requires division of all vermian bridging veins and at least 1 hemispheric vein, whereas a paramedian approach spares the vermian vessels.
14 Their conclusion was based on the finding that the hemispheric bridging veins are most frequently situated along the intermediate third (59.0%) and most infrequently in the lateral third (18.0%). Kodera et al. 5 noted that sacrifice of the vermian bridging veins can lead to basal vein thrombosis and that vermian vein sacrifice combined with hemispheric vein division may lead to severe vasogenic swelling. In part, this may be because of the significant collateral connections that exist between hemispheric bridging veins and midline vermian veins. 14 In sparing the midline venous structures, venous outflow from the superior hemispheric surface is preserved, and hemispheric venous sacrifice may thus be more readily tolerated.
The tentorial surface of the cerebellum is highest along its anteromedial apex and slopes laterally. Therefore, the operative view over the more laterally located quadrangular lobe provides a more inferior trajectory to the posterior midline (superior medullary velum) and posterolateral mesencephalon (Fig. 10) . The "cross-court" view provided through the paramedian route facilitates excellent visualization of the contralateral extension of the tumor away from the midline but could potentially compromise access to the ipsilateral anterolateral tumor. Intraoperative endoscopy, well described for supracerebellar pineal region surgery, 12 could be used as an adjunct to inspect this potential blind spot, and will be explored in our future cases if necessary. However, we have not noticed this area to be problematic for operative access during resection of large tumors (see Case 1 above). The operative working depth for the contralateral reach is long and technically challenging during retractorless surgery. 
conclusions
A paramedian supracerebellar approach may offer certain advantages over the traditional median supracerebellar corridor. These advantages include improved visualization and operative angles for resection of the caudal extension of the tumor while offering a less invasive route and minimizing retraction injury. This approach may be considered for resection of large pineal region tumors.
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